Abstract: Large-amplitude motion of macromolecules involves mainly rotatiok' about bonds (conformational motion). In the liquid phases, the large-amplitude motion is coupled with disorder and accounts for the flow and viscoelastic behavior.
INTRODUCTION
In the past, most effort in understanding crystals of macromolecules involved the study of the molecular structure [l]. The magnification of the length scale from the microscopic dimension of nanometers to the macroscopically recognizable micrometer scale is only 103.
More recently, it became increasingly important to study the atomic time scale of motion which is in the picosecond range, compared to the macroscopic time scale of milliseconds.
Such slow-motion presentation can only be accomplished by computers and involves magnification by a factor of lo9! [2] . This lecture will be about the study of both these DlSTR ~~~~~~~~~~~~ IS ~~~~~~~~~~ magnifications and the linkage of microscopic defects and motion with macroscopic appearance and mechanical properties. Stretching, bending, and torsion were considered. All atoms contributed to the nonbonding interactions (van der Waals, weak interactions) and were cut-off at 1.0 nm in the neighbor list generated during the simulation. For the UA model, we used the commody accepted force-field parameters [3]. For the FA model, the parameters of Barnes and by more than 90°, it was considered to be a gauche bond. The concentration of gauche bonqs was then extracted from the trajectories. order can be detected by X- Figure 7 ray diffraction. At higher temperatures, some polymers develop stable mesophases with large disorder and mobility. These mesophases will be discussed next. At lower temperature, the liquid crystals gain additionai order in a crystallization process that requires, in contrast to the liquid crystal formation, a substantial supercooling.
MESOPHASES
For polymeric liquid crystals, the homogeneous phase separates during this process into two phases. In most cases, although the additional ordering is substantial [ x 90 J/(K mol) in MBPE-9 for the ordered phase (16) The condis crystal . The condis phases could in all cases be clearly separated from the liquid because of their restricted mobility. The methods to identify liquid crystals and condis crystals by NMR were developed using low molecular-mass model-compounds that show no complications due to partial crystallinity [20] .
The additional heat capacity contribution below the melting temperature in Fig: 9 (shaded area) illustrates typical increase in order on cooling of an initially liquid-like phase. As the temperature decreases, this ordering freezes and the flexible parts of the crystal assume a glass-like state without large-amplitude motion [CD-glass [17] . The approximate remaining entropy of each disordered bond is that of amorphous polyethylene at 0 K [= 3 J/(K mol)]. Some examples of condis glasses are discussed in the final part of this presentation.
METASTABLE MESOPHASES-
based on X-ray diffraction, as illustrated in Fig. 11 [14] . The resulting, calculated crystalline diffraction is shown in Fig. 13 . Trying to subtract the pattern of Fig.   13 from Fig. 12 does not lead, however, to an amorphous structure as shown in Fig. 14 Figure 15 illustrates the X-ray scattering expected from the new phase. An approximate 22.9% of crystals, as shown in Fig. 13, 42 .2% isotropic, amorphous material, as is shown in Fig. 14 normal, triclinic crystal structure is generated from the mesophase, which ultimately disappears completely. In the present framework, the diffraction pattern of Fig. 15 A similar intermediate phase could also be identified for polyethylene and it k likely that this type of structure is, with changes for individual polymers, quite general drawn fibers and films of polymers [ZS]. The evolving knowledge about large-amplitude motion in partially ordered, flexible polymers may even lead to a detailed understanding of the catastrophic changes that occur during macroscopic deformation, and permit US to make progress towards optimizing these processes and designing new fabrication methods.
CONCLUSIONS
Large-amplitude motion in a crystal with a molecular time scale of picoseconds is involved in defect formation, chain diffusion, and plastic deformation in crystals. The mesophases of flexible macromolecules, ranging from liquid crystals to condis crystals, can be un4erstood based on the amount of conformational disorder and mobility. The condis crystals may cover a much larger class of polymers than thought before. Their properties -. 
